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@ Compartmentalized cell-culture device and method. 

&) A closed, cell culture device constructed using a first and 
second sheet of gas permeable, liquid Impermeable materml. A 
third sheet of a material selectively permeable to a class of 
molecules sandwiched between the first and second sheets 
all of the sheets being formed such that the first and third 
sheets define a first closed compartment and the second and 
third sheets define a second closed compartment, each com- 
partment having an access port. 
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TITLE IP-0521 
COMPARTMENTALIZED CELL -CULTURE P EVTCE & METHOD 
BACKGROUND OF THE INVENTION 
Mammalian cells are usually cultured in glass or 
plastic vessels, either in suspension or as an attached 
layer, completely surrounded by culture media. When 
nutrients are depleted or metabolic waste products 
accumulate, spent growth media is exchanged for fresh 
to sustain the culture (feeding, see Dexter. T. M. , 
"Cell Interactions in Vitro". Clinics in Haematology. 
8. 453-568 [1979]). Consequently, cells experience 
periodic shifts in nutrient concentrations ranging 
from feast (fresh media) to famine (spent media) 
during the course of a culture period which can last 
several days to a few weeKs. Likewise, pericellular 
pH varies with a cefeeding schedule because fresh 
media is basic relative to spent due to accumulation 
of acidic waste products during culture. Furthermore, 
soluble macromolecular cell products such as attach- 
ment factors, antib -c^les. and hormones (termed extra- 
cellular material or ECM; Wilde, C. E.. "Bull. Groupe 
Franc. Argiles". 15. 183 [1961]) «re removed with each 
refeeding. potentially altering cellular biosynthetic 
processes . 

Although these periodic perturbations of the 
culture environment are not detrimental for relatively 
short term culture, long-term culture of cells in 
vitro requires a stable environment and retention of 
ECM (see Hose. G. G.. "Cytopathophysiology of Tissue 
cultures Growing under Cellophane Membranes". Inter- 
national Review of Experimental Pathology. Bichter. 
G. W.. Eptsein. M. A., eds.. Vol. 5. 111-174. Academic 
Press [1966]). 

In order to diminish these environmental 
fluctuations, cells and tissue have been grown under 
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contiguous or perforated sheets of cellulosic film so 
that at least part of the cellular milieu persists 
after media exchanges (for a review of the subject see 
Rose. G. G.. ibid). Moreover, putative low molecular 
5 weight inhibxtors and metabolic waste products can 
dialyze out of cell growth space. Although this 
.ethod is an advancement in long-term culturing of 
attached cells or tissue, refeeding is still required 
and perturbations in cellular environment not totally 
10 avoided. Furthermore, the method is not applicable to 
suspension cells such as hybridoma lines because loose 
cells ate not retained under unbounded edges of the 
cellulose membrane overlayet. 

Simultaneous cell growth with continuous 
15 dialysis was developed by Marbrook (MarbrooK. 3. 

"Primary immune Response in Cultures of Spleen Cells . 
The Lancet. 2. 1279-1281 [1967]). in this case two 
concentric chambers are separated by a dialysis 
membrane. The inner-growth chamber is partially 
20 submerged in the outer-chamber dialysis solution of 
larger volume. Cells are grown directly on the 
dialysis membrane within the inner-chamber and are 
continuously bathed in nutrients passing through tne 
.embrane from the outer-chamber J^tlTs s 

25 tages of this system include clogging of 

membrane with cell mass, cellular "^^^^^^^ 
U S. patent 4.296.205. issued October 20. 1981 
to Ver-a. D. S. describes the improvement over the 
^rbroo. system of introducing a tissue-culture shelf 
30 held above the dialysis membrane to j;--^ 
Clogging and problems associated therewith Fluid 
communication with the dialysis ^ ^""^^'^'/^^^T.^, 
mately. with a media reservoir is through perforations 
m the culture shelf. Although attached cells or 
35 tissue remain on the culture shelf, unattached cells 
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and cellular debris, can become suspended and pass 
through tissue-culture-shelf perforations and clog 
or otherwise reduce critical membrane performance. 
Consequently, culture of suspension cells Is not 
5 possible. Furthermore, during long-term culture^, 
soluble ECM can crystallize into variously sized 
particles (termed biologic crystals and particles or 
BCP by Rose. G, G.. ibid) onto or into the membrane, 
further compromising performance. Other difficulties 

10 with the verma method include inability to adequately 
view cells during culture with high-power cytological 
phase-contrast and interference-contrast optics. 
Finally, equilibration of the culture media with 
incubator gasses. which is required to provide oxygen 

IB and carbon dioxide to the culture, occurs only through 
loosened flask caps. Proper ventilation is critical 
to maintenance of media pH because media mixes typi- 
cally utilize a carbon dioxide/bicarbonate buffer 
system. Since the media reservoir volume is high, gas 

20 exchange through loosened caps is inadequate to rapidly 
equilibrate the entire media volume with the incubator 
atmosphere . 

The art has sought a device and method that 
allows long-term, in vitro culture of both attached 

25 and suspension cells, simultaneously providing adequate 
gas ventilation, continuous supply of pH-equilibrated 
nutrient fluids, and the capability to microscopically 
view cells at any time during the course of culture. 
As shown herein, the disclosed invention meets these 

30 needs. 

SIJMMARY OF THE INVENT ION 
Many of these problems of the prior art are 
solved by a closed, cell-culture container constructed 
in accordance with this invention to have first and 
35 second sheets of a gas-permeable, liquid-impermeable 
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,«erUl a third sheet o£ . MtecUl selectively 
".It; t. . cl.BS ot .ol.c„lee eanaviche. between 

"t t .-a ..cona Sheets. .11 of the 
:::.ea .-ch th.t th. nrst .n^ thUa sheets e ne . 
5 first closed comp.rt.ent end the second and thxrd 
.heets define . second closed cowertment: each 
co.patt«.nt having an access port or ports. 

;.ccordln, to one enbodl.ent of the J-entxon 
first co.p.rt.ent Is adapted to contain th. cell. 
,0 to he cultured and a culture -edl. and is located 
htlow the second compart.ent -hlch 1. adapted to 
beiow r^ilfi arow on the 

contain the culture «edxa such 

,i„t Sheet and do not inhibit the "-^^" ^^ ^^^^ 
Class of molecules between the chambers. The fxrst 
class oi B ^„„4-,iiv an ionomer resin and 

XS and second sheets ate typically xo 

i^ransparent for viewing microscopically. The thi 
transparent membrane and typically is a 

sheet acts as a dialysis mem . - selectively 

cellulosic membrane or any other 
permeable to low molecular weight compound- 

K« eoiected to retain high moiecuxa*. 
" """rpr" in nd :tno,lohuUns hut alio- pa.sa,. 
:rro«r.ot.rular «.l,ht co.po»nds fro. the culture 

rro'sed cell culture d.vlce can he constructed 
rh^r .11 Of the sheet, at th.lt edges. 
„ by ..aimg together ' „cord- 

rr rrrcr-e ti"cuitur. d.vic. c.n h. con. 

::::;edrin: t-o .-rat. peripheral .-es. 

irvK£.r;»i BUPPOEt frame for zne xxtov. 
. first perxpheral suPP to. 

,0 third Sheets and a second P P ..^„al.ents 

«e second and third ''^.^ and 

";r.tr:::T.r.. "^^^^^^ - tmrd hem, 

::r.ctlv"v per-eahle t. a clas. of -olecules vh.ch 
„ can range fro. BOOO to ISOOO .olecul.r weight. - 
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With this structure a method of culturing cells 
comprises the steps of culturing the cells in a first 
compartment containing the cells to be cultured and a 
culture media, dialyzing the culture media simultane- 
5 ously with a dialysate solution separated from the 
first compartment by a sheet of a material permeable 
to a class of molecules, and simultaneously exchanging 
gases in both the culture media and the dialysate 
solution with the surrounding environment. The gases 
10 most typically exchanged include oxygen and carbon 
dioxide. Also, to reduce the blockage of the third 
sheet by the cells, the first compartment is posi- 
tioned below the second compartment. 

With the invention so stated, many of the 
15 various problems identified in the prior art are 

solved. Long term, in vitro culture of both attached 
and suspension cells is possible with simultaneous 
provision for adequate gas ventilation, a continuous 
supply of pH-equilibtated nutrient fluids, and roicro- 
20 scopic examination of cells at any time during the 
course of culture. 

A BRIEF DESCRIPTION OF THE D RAWINGS 
Other features and many of the advantages of 
25 the invention will readily become apparent from the 
following detailed description when considered in 
connection with the appended drawings in which: 

Figure 1 is a top plan view of the culture 
container constructed in accordance with this 

30 invention: 

Figure 2 is a cross-sectional, side elevation 
view of the culture container taken along the 
sectional lines 2-2 of Fig. 1; 

Figure 3 is a cross-section view of the culture 
35 container taken the section lines 3-3 of Fig. I; 
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M,ure 4 is .n exploded cros.-.ectlonal . front 
.levtlon view t.K.n -lonS ..ctlon line of 
';i,ure S 1. . bottom plan view of tne culture 

' ^-.-nta^v «oe.-.e=tion.i;.id. 

elevation view of .n .d,e sealed culture container. 

.„ord.nce -Itn tnls -ventlon IS ...t ' - 
.„d 2. m these fx,ures » '^"^"/^ 

ftla'tTrrs « aUd 1 supported four 
.aterxal that „ i„„er and 

concentric rinas la. JO. 

^ rhe concentric tings xn f 
outer diameters of the conce i^.^ically defining 

terred e.hodl.ent are "-"'""^ ."/.^./p^atus in 
, evllndrlcallV .haped- "^//'^^^Xr.d ^cra. the closed 
U. ""t«o ..P.tate co.part- 

""""l a re« vo co.part.ent and a ,ro«th 

T her "used or the culturln, of cell, an^ the 
chamber 28 used „talned In a cob- 

llKe. The culture " „ which are 

,„„.d state " of the rln,s and 

, evenly spaced about the ci t^.thet in a 

.Old the culture ^-""J^J.X 

..ndwlch type array, •"i""* „. S«. and 

„. ..mtalned ['^l^^;;: °,\'Z^ .in, l.terf.ces. 
" "% rr..ervor...P.rt..nt « which sits 

" the «.«h c«.b« 2e l. defined by rln, 
.lone above '"""/.^^t.^ntlal wall surround.n, 
30 Which ".11, „n centl-eters In 

,ne reservoxr and Is typic. r 

an .xlal thlc^ess of one centl«ter. 
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Both the top and bottom surfaces of ring 20 are 
typically smooth and flat. The top surface of ring 20 
provides for the sealing surface for both film 12 and 
0-ring seal 50. The bottom of ring 20 is also smooth 
5 and flat but contains a circumf ertical groove 53^ to 
retain an 0-ring seal 52 as best seen in Figs. 4 and 
5. Seal 52 contacts two additional seals 54 which are 
located about the perimeter of inoculant cavities 44 
which will be discussed later in more detail. 

XO The upper surface of the media reservoir chamber 

26 is sealed by way of a gas-permeable, liquid imper- 
meable film 12 which in its preferred form is an 
ionomer resin which is optically clear and non-toxic 
to cells. Suitable non-ionomer ic resins such as poly- 

15 carbonates, polystyrenes or polyf luor inated polymers 
can be used. The bottom portion of the media reser- 
voir compartment 26 comes in contact with a dialysis 
membrane 14 which is sealed against the bottom surface 
of ring 20. The dialysis membrane 14 is selectively 

20 permeable to a class of molecules as will be described 
and in its preferred form is cellulosic in nature. 
Other suitable porous organic polymers can be used 
depending upon the desired application. This media 
reservoir compartment 26. defined by films 12 and 14 

25 and ring 20 is accessible by way of a media access 
port 34 which extends completely through the wall of 
ring 20 at two locations as best seen in Figs. 3 and 
4. Tapered plugs 36 are used to retain the liquid 
vedia once the reservoir has been filled and are 

30 typically press fitted into media access port 34. 

The growth chamber 28 which rests below the 
media reservoir compartment 26 is defined by ring 22 
which represent a circui??f erent ial wall surrounding the 
growth chamber 28 and is typically ten centimeters in 

36 diameter with a wall thickness of approximately ^two 
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centimeters and an axial thickness of six tenths of a 
centimeter. This smaller axial thickness forms a 
chamber having a smaller volume than the media reser- 
voir compartment 26. Both the top and bottom surfaces 
5 of ring 22 are typically smooth and flat providing for 
a leak free sealing surface once in contact with films 
14 and 16 and 0-tings 52. 54 and 56 as best seen in 
Fig. 4. The upper portion of the growth chamber 28 xs 
formed by the dialysis membrane 14 which, as previously 
10 mentioned, also acts as the bottom surface of the media 
reservoir compartment 26. The lower portion of the 
growth Chamber 28 is formed by way of a gas-permeable, 
liquid-impermeable film 16 which preferably is iden- 
tical to that of film 12 used in the media reservoir 

15 compar tiuent 26. 

Access to the gcowth chamber trom outside the 
internally detlnea growth chamber 28 I. provWea by 
two caalally-spacea Inoculant access ports 36 as best 
seen In Figs. 1. 2. ana «• The Inoculant access port 
20 38 raalally extenas to the approximate midpoint .£ the 
ting wall 20 where It communicates with a vertically 
disposed Channel 40 which Is bored 90- relative to the 
inoculant access port 38. The vertically disposed 
channel «0 communicates with the Inoculant cavity 44. 
25 Which as previously noted. Is sealed 

parameter by way of two 0-rlng seals 54 and 52. as 
best seen In 5. -flch are Joined at ^beir inter- 

face by way of an adhesive such as "Eastman ,10. which 
I. commercially available. The Inoculant cavity 44 in 
30 turn communicates through the film 14 by way of a cut- 
out m the dialysis membrane 14 which Is i*-* "l in 
Shape to that of the Inoculant cavity 44 to allow tor 
an uninterrupted flow path to a radial '"""I «^ 
The radial channel 42 l. formed In 
35 ring 22 and Is located midway across the width of the 
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ring and extends toward the center of the ring to 
provide an open channel for inoculant passage toward 
the cell growth compartment. The culture chamber 10 
contains two such inoculant access ports 38 spaced 
radially apart as best seen in Fig. 1. Tapered .plugs 
36' are used to retain the inoculant once the reser- 
voir has been filled and are typically press fitted 
into inoculant access ports 38. Other known sealing 
and access methods may be used as desired. These 
include valves systems and the like. 

Figure 4 illustrates the culture chamber 10 in 
an exploded view. The chamber is assembled by first 
inserting each of the 0-rings into their respective 
0-ring grooves. 0-ring 50 is inserted into groove 51; 
in like manner, 0-ring seals 52 and 56 are inserted 
into grooves 53 of ring 20 and 55 of ring 24. The 
cavity seal 54 is then positioned along the perimeter 
of the inoculant cavity 44 such that the ends of the 
seal come into direct contact with 0-ring seal 52. 
The four rings 18, 10. 22 and 24 are then positioned 
in concentric alignment as depicted in Fig. 4. Film 
12 is then positioned between rings 18 and 20. 
Dialysis membrane 14 is then positioned between rings 
20 and 22 and then film 16 is positioned between rings 
22 and 24. The rings are then put Into compression by 
attachment screws 30. 

There is no restriction on the size or shape of 
either the growth chamber 28 or the media reservoir 
compartment 26. However, it is recommended that the 
volume of the media reservoir compartment 26 exceed 
that of the growth chamber 28 by at least a factor of 
two. BO that cells can be sustained without refeeding 
over the entire culture period. The volume of growth 
chamber 28 need only be sufficient in size to permit 
cell growth and liquid access, yielding typical, media 
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reservoir volume to growth chamber volumes 26 in the 
ratios Of 6:1. volume ratios, in turn, determines 
rings 18 and 24 thinnesses, which are typically seven 
tenths Of a centimeter. Rings ^0 and 22 can .e 
5 fabricated from substances non-toxic to cells such 
.s polystyrene, polycarbonate, or any other su table 
Plastic or non-plastic material that is -mpa-ble 
with the incubator environment. Rings 18 and 24 do 
not directly contact the cell-growth space or 

not axte'-i-iz ***--iiv compatible wxth 

lo reservoir and need not be specifically compa 
10 teservoi ^^^^rh»\ The dimensions of rings 

cells or biological material. Tne aim 
18 and 24 are not critical but should not exceed 

microscopes used to examine cells. Typical y. 
1^ tenths of a centimeter is adequate. 

" in an alternative embodiment of the invent^on^ 

the closed cell structure may be formed of sheets that 
are edge-sealed together at 17 as seen in Fig. 6. 

» the second and third sheets. 

Hi*ivsi8 membranes which retain box , , 

;:trx„ t^.^ »000 u.efu .n 
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iinmunoglobuUnB. but allow passage of lower molecular 
weight compounds to and from the media reservoir. 
Dialysis membranes which retain molecules whose 
molecular weight is less than 8000. retain hormones. 
5 antigens, etc.. as well as high molecular weight 
compounds . 

in operation, the four tapered plugs 36 and 36' 
are removed from the culture chamber 10. The cell- 
growth media, which will be described in further 
10 detail in the examples, is aspirated into a syringe 
Whose volume is representative of the media reservoir 
compartment 26 volume. The syringe is docked into one 
of the media access ports 34 and dispensed accordingly 
until the media reservoir compartment 26 is filled. 
15 once this step is completed, both media access ports 
34 are sealed via tapered plugs 36 which provide a 
leak-free seal. The inoculant is now aspirated using 
a syringe whose volume is suitable to deliver a pre- 
determined specimen into the growth chamber 28. In 
20 similar fashion, the syringe tip is docked into the 
inoculant access port 38 and dispensed accordingly, 
once filled, the ports are sealed via tapered plugs 
36' to retain the culture media within. This now 
completes the inoculation of the growth chamber and 
25 filling of media reservoir. Depending upon the 

application, the culture chamber 10 can be housed in 
an incubator for processing. 

During processing, cells are cultured in the 
growth chamber 28. The dialysis membrane 14. being 
30 permeable to a specific class of molecules, will per- 
mit dialysis or culture media against the dialysate 
solution in the media reservoir. Gas exchange occurs 
through films 12 and 16 and are typically oxygen and 
carbon dioxide, but depending on application can vary 
35 to need. Consequently, cells are continuously fed 
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With pH-equilibrated nutrient media pecmeating the 
membrane while, at the same time, putative low mole- 
cular weight metabolic waste products are held a low 
pericellular concentration by equilibrating with the 
media reservoir volume. The culture is ventilated and 
equilibrated with the incubator gaseous environment 
through optically clear, gas-permeable, liquid-imper- 
meable film bounding cell-growth and media reservoir 
chambers. The net effect is a stable culture environ- 
ment without periodic perturbations associated wxth a 
conventional culture-refeeding schedule. Throughout 
the entire culture period, cells can be viewed using 
high-power cytological phase-contrast and interference- 
contrast microscopes commonly employed in cell-culture 
5 laboratories. There is little or no clogging of the 
films which often occurs in the prior art. 

The apparatus and method of this invention 
allows long-term, in vitro culture of both attached 
and suspension cells, simultaneously providing 
0 adequate gas ventilation, continuous supply of 

pH-equilibrated nutrient fluids, and the capability 
Of microscopically viewing cells at any time during 
the course of culture. As shown herein, the ^-closed 
invention meets these needs. While the ^^-^/^ J;^/ 
25 been described as being generally cylindrical m shape 
with a circular cross-section, it is to be understood 
that it may be constructed to have other geometric 
Shapes, such as but not limited to those having 
rectangular, square or other similar cross-sections. 



30 

EXAMPLE 1 



The device that is shown in figures 1 and 2 was 
assembled using 4 mil films cast from zinc-lonomer 
resin available from E. I. Du Pont de Nemours Co^ 
3s under the trade name Surlyn. 1702 for barriers K and 
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16, Dialysis membrane 14 was a 1-8 mil thick cellu- 
losic membrane permeable to molecules within the 
molecular-weight range less than 5.000 to 8,000 
available from VWR Scientific Incorporated. A 2:1 
5 media to culture compartment volume ratio was created 
using 0.8 and 0*4 cm thicknesses for rings 18 and 20. 
respectively, with a total surface area of 22 eq. cm,, 
yielding an 18 ml. media reservoir compartment 26 and 
a 9 ml. growth chamber 28. Rings 18, 20. 22. and 24 
10 were fabricated from polymethylmethacrylate plastic. 
Approximately 9 ml, of media (Iscove's Modified 
Dulbecco'6 Medium containing 10% FBS, Gibco Labora- 
tories) containing 7x 10* MDCK cells/ml. (Madin-Darby 
Canine Kidney cells. American Type Culture Collection) 
15 was injected into the growth chamber 28 and 18 ml of 
media not containing cells was used to fill the media 
reservoir compartment 26. Cell attachment to the film 
16 and proliferation to a confluent monolayer was 
documented by photomicrography. The monolayer was 
20 sustained for 27 days without media exchanges in a 
prolonged stationary phase reaching 4.3 x 10 
cells/sq. cm. Normal and invarient morphology was 
observed throughout the entire stationary phase. 
Cells had a 14.1 um median diameter with a standard 
25 deviation of 4.8 um. Cells were subcultured to 

conventional polystyrene cultureware and had normal 
morphology to confluence. 

By contrast. MDCK sustained for 37 days in 
polystyrene flasks with refeeding every 48 hours 
30 exhibited continual morphological changes throughout 
the culturing period including cell detachment from 
the substrate, formation of irregularly shaped, 
raised, amorphous ridges, and excessive vaccuoli- 
xation. Final density achieved was 3.8 x 10 
35 cells/sg. cm. Cells had a median diameter of 14.5 
um with a standard deviation of 12.1 um. 
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EXAMPLE 2 

The growth chamber 28 of a device constructed aE 
in Example 1 was inoculated with a dilute suspenBion 
(-1 X 10* cells/ml) of Imnunoglobulin-eecceting 
5 bybridoma cellB in 9 ml. of media containing FBS 
(iscove's modified Dulbecco's medium for hybridomas. 
Whittaker M. A. BioproductB) . The media reservoir 16 
vae filled with IB ml. of media containing neither 
serum nor cells. The culture was sustained for 33 
10 days without media exchanges. Cells continued to 

secrete immunoglobulin throughout the culture period 
and multiplied to 1.7 x 10*' cells at harvest. No 
immunoglobulin was detected in the media reservoir at 
the end of the experiment verifying the integrity and 
15 performance of the dialysis membrane. 
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WHAT IS CLAIMED IS: IP-0521 

1. A Closed dual compartment cell culture 
device comprising: 

first and second sheets of a gas- 
permeable, liquid-impermeable material. 

a third sheet of a material 
selectively permeable to a class of 
molecules sandwiched between the first and 
second sheets, all of the sheets being r- 
formed such that the first and third 
sheets define a first closed compartment 
and the second and third sheets define a 
second closed compartment, each 
compartment having an access port. 

2. A closed, cell culture device as set forth 
in Claim r. wherein the first compartment is adapted 
to contain the cells to be cultured and a culture 
media and is located below the second compartment 
which is adapted to contain the culture media such 
that cells grow in the first compartment and do not 
inhibit the transfer of the class of molecules between 

the chambers. 

3. A closed, cell culture device as set forth 
in Claim 2. wherein the first and second sheet are an 

ionomer resin. 

4. A closed, cell culture device as set forth 
in Claim 1. wherein the first and second sheets ate an 

ionomer resin. 

5. A closed, cell culture device as set forth 
in Claim 4. wherein the third sheet is a cellulosic 
membrane or any other material selectively permeable 
to low molecular weight compounds. 

6. A closed, cell culture device as set forth 
in Claim 1. wherein the third sheet is a cellulosic 
membrane or any other material selectively permeable 
to low molecular weight compounds. 
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7. A closed, cell culture device as set forth 
in Claim 1. wherein the first and second sheets are 

transparent. 

8. A closed, cell culture device as set forth 
5 in Claim 1. wherein the class of molecules incltides 

those having a molecular weight less than 15000 

molecular weight. 

9. A closed, cell culture device as set forth 
in Claim 1. wherein the class of molecules includes 

10 those having a molecular weight less than 8000 
molecular weight. 

10. A closed, cell culture device as set forth 
in Claim 1. wherein all of the sheets are edge-sealed 
together- 

15 11. A closed, cell culture device as set forth 

in Claim 2, 

wherein the first and second sheets are 

transparent, 

wherein the class of molecules includes 
those having a molecular weight less than 
15000 molecular weight. 

which includes a first peripheral 
support frame for the first and third 
sheets and second peripheral support frame 
25 for the second and third sheets. 

12. A closed, cell culture device as set forth 

in Claim 2, 

wherein the first and second sheets are 

transparent. 

30 Wherein the class of molecules Includes 

those having a molecular weight less than 
15000 molecular weight. 

wherein all of the sheets ate 
edge-sealed together, ^ 

35 
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13. A method of cultucing cells comprising the 

Bteps: 

culturing the cells in a first compart- 
ment containing the cells to be cultured 
and a culture media, 

dialyzing the culture media simultane- 
ously with a dialysate solution separated 
from the first compartment by a sheet of 
a material permeable to a class of mole- 
cules, and 

simultaneously exchanging gases in both 
the culture media and the dialysate solu- 
tion with the surrounding environment. 

14. A method as set forth in Claim 13. wherein 
the gases are oxygen and carbon dioxide. 

15. - A method as set forth in Claim 13. including 
the step of positioning the first compartment below, 
thereby to reduce the blockage of the third sheet by 
the cells. 
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